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Overview 
 
 
The main objective of this project is to quantify the workload of an air traffic 
controller, developing a metric system with the information obtained through 
the Isis project, developed by the research group Icarus. In this project we 
used a support tool in the Isis system for the evaluation of the airspace in 
Europe, using the files from Eurocontrol of the Air Traffic in Europe. The 
development of this project it is motivated by the necessity of select an airway 
for the Unmanned Aerial Vehicle producing the minimum effect in the actual air 
space and the minimum effect in the stress of an Air traffic controller. 
Using the system provided, we analyses the air space in Europe, number of 
flight, sectors, regions, conflicts etc…. with these values we calculated an 
approximation of the stress produced to the air traffic controller and analyses 
the effect on the controller when we introduce an U.A.V. in the space, with his 
particular performance, and decide which is the best airway to reach the 
objective of the U.A.V. when we analyse a selected zone producing the 
minimum effect in the airspace. 
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INTRODUCTION 
 
 
The airspace in Europe is growing up these years and the prevision for the next 
years is to continue the tendency. The reason is that the air transport is basic 
for our lives, we use it for transport, trade, vigilance, etc…And one of the most 
important projects that are under development is the vigilance of the airspace 
using a unmanned aerial vehicle (U.A.V.), because this vehicles can stand in 
the airspace more than 36 hours, surveillance the airspace and the ground, 
these planes can help us controlling for example a fire in the woods, security, 
ground control, study the environment of our planet etc.. But on the other side, 
these planes are slow in their manoeuvres and their velocity is low compared 
with the commercial airplanes. For that reason is important the control of these 
U.A.V. and make the manoeuvres to anticipate the airspace traffic. 
At this moment there is not any document or normative that can provide us 
some guidelines for that kind of planes, for that reason we develop this project 
to start and obtain information and the results of the impact that an U.A.V. could 
produce in the airspace. 
In this project we focus on the control of the airspace traffic, the objective is 
developing a metric than can provide us a value of workload for an air traffic 
controller. There are two cases to analyse. The first one is the actual workload 
than an A.T.C. have in a sector or region using the information provided from 
Eurocontrol, the seconds case to study is the workload that will introduce an 
U.A.V. if we put it in this sector or region. The objective is selecting the best 
airway for the U.A.V. with the minimum impact in the airspace and affecting 
minimum workload to the A.T.C. This thesis centres the aim in the first study. 
To develop the idea we used the information of the airspace in Europe obtained 
from Eurocontrol. With this information we will analyse the characteristics of the 
airspace. Number of planes, operations, airports, geographical points, etc… 
 
First of all we are going to describe and explain some parameters like, what is 
an U.A.V., the definition of region and sector, airspace, A.T.C. etc… 
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Unmanned Aerial Vehicle 
1.1. History 
 
Unmanned Aerial Vehicle is an airplane without pilot inside, is controlled 
electronically by a pilot on the ground, in a base or control centre. The first 
approach to development a drone was in the 1916 when the first flight with a 
automatic pilot was developed. Since then the military of United States want 
develop a drone for spy the enemy, attack or drop supplies to his army. Then 
we can say the initial idea for a drone was strictly military.  
In 1916 Lawrence and Elmer Sperry create the first automatically controlled 
flight of an aircraft, using a combined stabilizing and a steering gyro. The 
resulting aircraft was called the aerial torpedo. This plane flight more than 30 
miles with Lawrence Sperry as a passenger but this technology was not yet 
useful and the military abandon the program afterwards in 1950s U.S. did not 
begin experimenting seriously with U.A.V. After Vietnam War and the cold war 
the developed programs created in these years provide us two reconnaissance 
drones, such as the Firebee and Lighting Bug, those drones were deployed for 
a variety of missions, all military, after the war the necessity of a drone was not 
a urgent but the services remained interests in exploring the technology. In the 
1970s years the modern era for drone was initiated Israel and U.S. started 
experiments with smaller, slower and cheaper drones. These drones were like 
larges model airplanes, powered by motorbike or snowmobile engines, and start 
to develop a new technology using small video cameras that could send images 
to the operator in real time. 
In the next years new models of drones was developed for military operations, 
and the technology was improved. In the civil side, NASA develop in programs 
such as the PA-30 in 1969 the objective was develop a automatically controlling 
an aircraft, but the results was not the expected, the reason is the technology 
was not reached for that propose. Since then NASA engaged into several 
projects that help develop the data bases for the future UAV such as F-15, 
DAST (Drones for Aerodynamic and Structural Testing), HiMAT (Highly 
Manoeuvrable Aircraft Technology). 
In 1990s NASA initiated with industry partners, a new program to continuing the 
work of developing new technologies, since the creation of the program ERAST 
(Environmental Research Aircraft and Sensor Technology) that helped to define 
UAV technology with research on engines, sensors and integrated vehicles, that 
would conquer the barriers of High altitude, long-endurance HALE aircraft 
Products resulting from the ERAST partnership include Pathfinder, Helios, 
Altus, and Perseus B [1]. 
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1.2. Necessity and missions 
 
The interest in drones is because these vehicles offer a unique range of 
features, like ultra-long endurance and high-risk mission acceptance, coupled 
with the advance in automation and sensor technologies and they can provide a 
cost saving. The drones has an advantage they can be launched and recovered 
from virtually any location like ships, buildings, runaways, etc [2]. 
The necessity of an U.A.V. in the civil airspace it is the surveillance and control 
of our of infrastructures, inspection of civil works from the air, it is more easier 
and can give us another perspective of our environment, frontier surveillance, 
traffic supervision, maritime patrol, filmography, recognition and data collector in 
natural disasters, topography, climatology, agriculture, intervention in no natural 
disasters (radiation, fires…), Communications link, location of natural resources, 
transport package, search & rescue. These are the possibilities using drones in 
the civil application, it is for that the technologies are under development and 
the intention is continuing the proliferation of UAV [3]. 
 
The potential missions than a UAV can perform are: 
 Earth Science. 
 Repeat Pass Interferometry for Surface Deformation. 
 Cloud and Aerosol Measurements. 
 Stratospheric Ozone Chemistry. 
 Tropospheric Pollution and Air Quality. 
 Water Vapour and Total Water measurements. 
 Coastal Ocean Observations. 
 Active Fire, Emissions and Plume Assessment. 
 02 and CO2 Flux Measurements. 
 Vegetation Structure, Composition, and Canopy Chemistry. 
 Aerosol, Cloud and Precipitation Distribution. 
 Glacier and Ice Sheet Dynamics. 
 Radiation-Vertical Profiles of Shortwave Atmospheric Heating Rates. 
 Ice sheet Thickness and Surface Deformation. 
 Imaging Spectroscopy. 
 Topographic Mapping and Topographic Change with LIDAR. 
 Gravitational Acceleration Measurements. 
 Antarctic Exploration Surveyor. 
 Magnetic Fields Measurements. 
 Cloud Properties. 
 River Discharge. 
 Snow-Liquid Water Equivalents. 
 Soil Moisture and Freeze/Thaw States. 
 Cloud Microphysics/properties. 
 Focused Observations-Extreme Weather. 
 Forecast Initialization. 
 Hurricane Genesis, Evolution, and Landfall. 
 Physical Oceanography, Meteorology, and Atmospheric Chemistry. 
 Homeland Security. 
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 Coastal Patrol. 
 Land Management. 
 Forecast Fire Damage Assessment. 
 Forecast Fire Mapping. 
 Forecast Fire Communications. 
 Forecast Fire Retardant Application. 
 Wild Life Census. 
 Animal Tracking. 
 Invasive Plant Assessment [1]. 
 
1.3. Implication of UAV in Airspace  
 
The benefits of an UAV are extensive. The previsions in the future are 
continuing develop the technology for an U.A.V. Introducing new procedures 
and the creation of an information management system to exchange information 
among Air Traffic Management (ATM). The principal objective is introducing 4-D 
navigation and to develop alternative separation procedures. 
 
From the ATM point of view the uses of an UAV will pose a unique set of 
issues. First the design and capabilities of an UAV will vary widely, and their 
performance are really difference from a those manned aircraft, for example the 
velocity that they can reach, normally the UAV more slower than a commercial 
airplane, but they can fly to high altitudes because they don’t have the 
requirements of passenger comfort. Also, the UAV have lack manoeuvrability 
[2]. 
 
We have another concept to keep in mind in Europe. The characteristics of the 
airspace in our country are unique. But the European commission wants to 
introduce new guidelines that will change and restructure our air space. For that 
we will analyse what modifications they will do in the airspace and the actual 
characteristics. Afterwards we will introduce our project which the objective is to 
obtain a workload value for an ATC regardless of the guidelines of the airspace. 
 
1.4. Airspace in Europe 
 
The airspace in Europe is growing every year, this is a problem because the 
airspace is really concentrated and congested, the forecast for the next years it 
is continuing this tendency to growth. At this year in 2013 we can observe that 
the actual European air traffic management (ATM) is handling around 26000 
flights every day, and the forecast in 2020 is to double this value [4]. 
For that reason in 2004 the European commission was adopted the first Single 
European Sky (SES) legislative package in order to improve safety and 
efficiency of air transport in Europe. The idea was restructure the European 
Airspace and air navigation services [5]. 
The main objective of the EU is to reform the ATM in Europe in order to cope 
with a sustained air traffic growth and air traffic operations under the safest, 
more cost-and flight-efficient and environmentally friendly conditions. This will 
be with a restructuration of the airspace in Europe like defragmenting the 
European airspace in FAB (Functional Airspace Blocks) explained further on, 
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reducing delays, increasing safety footprint and reducing cost related to service 
provision [6]. 
The objective achievement for now is the safety has been strengthened, safety 
oversight is separated from service provision, EUROCONTROL Safety 
Regulatory Requirements (ESARRs) have become Community law. SESAR 
project was launched as the technological and industrial component of the 
Single European Sky. However, the SES has failed in important areas, like 
integration of the airspace in Functional Airspace Blocks (FAB) and 
improvement of cost-efficiency of European ATM network [5]. 
For that reason the EU have been adopted a new SES operations under the 
name of SES II, these are a second package of measures to improve the air 
space in Europe. 
 
 
1.4.1. Management 
 
Air traffic management (ATM) system is crucial to the air transport operations 
while addressing its challenges related to competitiveness, safety and 
sustainability. 
ATM consist in more than hundreds of air traffic control sectors operated by 
more than 60 air traffic control centres and more than 16700 air traffic 
controllers managing the traffic from 450 European airports and also from the 
third countries. This complex structure manages more than 26000 daily flights in 
the EU accommodates approximately 38000 daily flight hours [7]. 
The creation of the Single Sky seeks to: 
 Increase air traffic control capacity: until 2000 air traffic increased at a rate 
of approximately 5% per year. Although the growth rate has slowed in the 
last two years, the medium-term forecasts are for a significant increase in 
traffic. 
 Improve safety: The same levels of discipline are not observed in air traffic 
control in all EU countries with regard to the systems and procedures used 
to guarantee safety levels or ensuring that such measures are applied. 
 Reduce the fragmentation of air traffic control: Differences in rules and 
organization and varying national approaches to air traffic management 
lead to inconsistencies and shortcomings which have an adverse effect on 
the efficient running of the internal air transport market. 
 Improve the integration of military systems into the organisation of air 
traffic control. 
 Facilitate the introduction of new technology. 
The ultimate objective is to enable Europeans to make journeys in a single 
European sky without frontiers, while maintaining the highest levels of air safety 
[8]. 
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1.4.2. Congestion 
 
Initially the air traffic control was focused in safety service, without 
preoccupation with the cost or delays. In fact they were relatively minor, that 
means that this delays and costs had to be tolerated. It was in 1980s years 
when the airports was considered the bottleneck, and it was then when the 
thought of the development of air transport was therefore only limited by the 
number of runaways which the environment would tolerate.  
In the 1986 the 12% of intra-European flight suffered a delay by more than 15 
minutes (for ATC, weather, airline, airport, etc...) in 1988 this value grows to 
20% and in 1989 to 25%, this is for the infrastructure congestion [9]. 
According to the latest forecast, the European airspace is expected to reach up 
to 16 million flights annually by 2020, this grow in the air traffic will suppose a 
severe congestion in the sky and around the airports. This means that every 
year the air traffic will increase 3.7 million, with the actual measures this will 
cause a yearly loss of 50 billion of Euros. That is because with the actual 
measures for the air traffic management we have segregated systems, lack of 
standardization and restrictive regulations. Also the airport congestion it is a 
problem at many major airports, and this will become more widespread with the 
international hub airports that serve major European cities. If we do not change 
the ATM system, the environmental concerns in addition will restrict any 
increase in capacity [10]. 
 
1.4.3. Future Airspace 
 
The European Union has under development two projects that will avoid the sky 
congestion and improve the ATM. This is SES (II) and SESAR. 
The lack of achievement that SES have not reached, in fields like integration of 
Functional Airspace Blocks (FAB) and the improvement of cost-efficiency  of 
European ATM network, drift to develop a second package of measures, Single 
European Sky second legislative package, his objective is: 
 Introducing a performance framework for European ATM with quantified 
target setting. 
 Creating a single safety framework to enable harmonised development of 
safety regulations and their effective implementation. 
 Opening the door to new technologies enabling the implementation of 
new operational concept and increasing safety levels by a factor of ten. 
 Improving management of airport capacity. 
The pillars of this new legislative package are: 
Implementation of a Performance Scheme  
This regulation has the intention to improve the performance-oriented approach 
to ANS (Air Navigation Services) with the FAB (Functional Airspace Block) [5]. 
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The functional Airspace Blocks 
The FAB would divide the airspace in blocks, based on his operational 
requirements and establish a regardless of state boundaries, where the 
provision of air navigation services and related functions is performance-driven 
and optimised through enhanced cooperation among air navigation service 
providers or, when appropriate, an integrated provider (see table 1)[4]. 
They aim at an enhanced cooperation between the air navigation service 
providers (ANSPs) and the national supervisory authorities (NSAs) to de-
fragment the airspace and obtain the operational efficiency gains through such 
strategies as common procurement, training and optimisation of air traffic 
controllers (ATCs) resources (see figure 1)[12]. 
The next table shows the member’s states that they have been declared their 
involvement in FAB develops. 
Table 1. State member’s declared their involvement in FAB development [11]. 
 
FAB INITIATIVE MEMBER STATES 
Baltic FAB Lithuania and Poland 
Danish - Swedish FAB Denmark and Sweden 
North European FAB (NEFAB) Estonia, Finland, Iceland, 
Latvia, Norway 
FAB UK-Ireland United Kingdom and Ireland 
FAB Europe Central (FABEC) Belgium, France, Germany, 
Luxembourg, Netherlands, 
Switzerland and EUROCONTROL 
Maastricht 
FAB Central Europe (FAB-CE) Austria, Bosnia & 
Herzegovina, Croatia, Czech 
Republic, Hungary, Slovak Republic 
and Slovenia 
Danube FAB Bulgaria and Romania 
South West FAB Portugal and Spain 
FAB Blue MED Cyprus, Greece, Italy and Malta. 
(Albania, Egypt and Tunisia, as 
associate partners. Kingdom of 
Jordan and Lebanon as observers 
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Figure 1. European FAB [4]. 
 
FAB Common Objectives: 
Safety: despite of the traffic growth ensure and improve the safety level. 
Capacity: Meet the demand of civil air traffic foreseen to increase.  
Cost-effectiveness: Establish a more effective route structure and ATC service 
that will be drift to balance the cost of operations within FABs. 
Flight efficiency: Improve the routes, flight profiles and distance flow to 
improve the flight efficiency. 
Environment: Improve the routes, flight profiles and distance flow to reduce the 
impact on the environment. 
Military mission effectiveness: Improve training capabilities and readiness 
postures as required by states that will be drift to improve military mission 
effectiveness [11].  
The Network Manager 
This function has been entrusted to EUROCONTROL up to 2019, the objective 
is to centralize the network at EU level to carry out the management of the ATM 
network function (airspace design, flow management) and management of 
scarce sources (transponder code allocations, radio frequencies) [12]. 
The Charging Regulation 
In the context of the deployment, SESAR has the intention to define a legal 
basis for financing, through the charging system [12]. 
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1.4.4. Necessity of Improve airspace management 
 
The need of change in the ATM 
 
The air space in Europe is increasing in complexity due to the significant growth 
over the next years. The actual ATM is organized around rigid components for 
that reason has received a constraints by the growth of the air traffic. This drift 
to more delays, sub-optimal flight levels, poor planning, extra routings, airborne 
holding, etc...With SESAR a new air traffic management infrastructure will erase 
this constrains (see figure 2) [13].  
 
Single European Sky ATM Research (SESAR) 
 
The actual Air Traffic Management is a fragmented system, the idea is improve 
it and synchronise all stakeholders and federative resources. 
The objective of the SESAR program is to improve the current ATM (Air Traffic 
Management) system and provide an excellent platform for more approach and 
development [R&D] and give a result-oriented approach [13]. 
SESAR will give a new operational and technological answer to the challenges 
of improving the ATM in Europe, the idea is to make a modernisation into the 
structure of the ATM by coordinating and concentrating all relevant research 
and develop efforts in the European Union [13]. 
SESAR has an aim to develop the new generation air traffic management 
system, which will be capable to ensure the safety and fluidity of the air traffic 
transport worldwide over the next 30 years. It is composed form three phases: 
 
 The Definition phase (2004-2008) delivered the ATM master plan defining 
the content, the development and deployment plans of the next generation 
of ATM systems.  
This definition phase was led by Eurocontrol, and co-funded by the 
European Commission under the Trans European Network- Transport 
programmed and executed by a large consortium of all air transport 
stakeholders. 
 
 The Development phase (2008-2013) will produce the required new 
generation of technological systems, components and operational 
procedures as defined in the SESAR ATM Master Plan and Work 
Programme. 
 
 The Deployment phase (2014-2020) will see the large scale production 
and implementation of the new air traffic management infrastructure, 
composed of fully harmonized and interoperable components 
guaranteeing high performance air transport activities in Europe [16]. 
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Figure 2:  Air traffic management today from SESAR Release 2012 [13]. 
 
The SESAR joint Undertaking paves the way for the incremental introduction of 
new technologies and procedures [13]. 
Actually we can divide the SESAR programme in two Releases: 
 
Release 1: Throughout Europe includes 25 operational validations (see figure 
3). Its objectives are centred on the development of efficient and green terminal 
airspace operations, the initial 4D trajectory, end-to-end traffic synchronization 
and integrated and collaborative network management.  
Validations objectives performed in 2011: 
 Full implementation of P-RNAV in complex TMA. 
 Point merge complex TMA. 
 Approach procedures with vertical guidance. 
 CDM and sector team operations. 
 Enhanced short term conflict alert (STCA). 
 Link autopilot with ACAS. 
 Integrated Arrival Manager (AMAN) and Departure Manager (DMAN). 
 Arrival Manager (AMAN) and Extended AMAN horizon. 
 Enhanced airborne collision avoidance system (ACAS). 
 Spotlight on: I-4D and controlled time of arrival. 
 Complexity assessment and Resolution. 
 Spotlight on: short term ATFCM Measures (STAM) validation exercise. 
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 Integrated controller working position-airports. 
 Integrated controller working position-TMA. 
 Integrated controller working position – en-route. 
 Remote Tower [13]. 
 
Release 2: This release and next ones centre their objectives into building on 
the experience obtained through release 1, expanding the scope of the work 
and aiming for more coherent strategies, ensuring that the ATM Master Plan is 
correct, in line with end-user expectations. The programme contains 35 
exercises, clustered into 19 themes: 
 
 Airport safety nets. 
 Time-based separation. 
 Point merge in complex TMA. 
 Trajectory Management Framework. 
 Free Routing. 
 Business and mission trajectory. 
 System interoperability with air and ground data sharing. 
 Airborne spacing sequencing and merging. 
 Sector team Operations. 
 Arrival manager (AMAN) and extended AMAN horizon. 
 Arrival manager (AMAN) and point merge. 
 I-4D and controlled time of arrival. 
 Surface planning and routing. 
 Complexity assessment and resolution. 
 Airspace management and advanced flexible use of airspace. 
 User driven prioritisation process. 
 Integrated controller working position-airport. 
 Remote tower [13]. 
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Figure 3 Main validation sites of the SESAR 2012 [13]. 
 
Future ATM with SESAR project 
Instead of adhering new routes to the existing fixed routes, the civil and military 
users will be able to choose and fly their preferred route. With the idea that all 
airports, airlines, controllers, and stakeholders will exchange and share 
information / data, that will end the fragmentation in the airspace in Europe the 
main limitation of ATM these days. 
With the reduction of controller workload and the minimisation of tactical 
interventions the airspace will be increased. The Pilots will be improved their 
situational awareness throw the improvement of Data link air-ground 
communications. Also this project will allow the integration of traffic between the 
aircraft and ground. SESAR brings a new level of automation tools with the idea 
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of make a more speed decisions an ease the situation but with humans always 
remaining at the hearth of decision-making. 
 
In the vision of the Airports, they will receive a lot of improvement like integrated 
airports operations planning, advanced surveillance techniques, ground-based 
safety nets and new runaway management tools, etc… This will convert the 
airports into efficient nodes of the ATM system and the aircrafts could be more 
attended efficiently gate to gate (see figure 4) [13][14][15]. 
 
 
Figure 4 SESAR air traffic management system [13][14][15]. 
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Airspace Management 
 
The objective of the Airspace Management (ASM) is to prevent mutual 
interferences from all users of the airspace, facilitating air defences 
identification, and accommodates the flow of all air traffic safety [18]. 
The airspace in Europe needs to build a structure with a close relationship 
between airspace design, airspace management and air traffic flow and 
capacity management [17]. 
In Europe the objective is to improve the actual ASM with the implementation of 
the Flexible Uses of Airspace (FUA) based on the fundamental principle that 
airspace is one continuum to be allocated for use on a day-to-day basis to 
accommodate user requirements [19]. 
The function of Airspace and Management is an activity which includes airspace 
modelling and design. In Europe his function is to develop the airspace into a 
continuum that is flexible and reactive to short-term changes in airspace user 
needs. Supported by the continuous information shared among all partners, 
allow to base the airspace management on a seamless airspace configuration, 
providing an optimum use of the network [20]. 
 
2.1. Programme for Airspace 
 
With the definition of all the objectives that Europe want introduce in the 
airspace system and their management. Developing a program tool to analyse 
the airspace in Europe and try to define a workload for the Air Traffic 
Management and for Air traffic Controller, is not absurd. That will help us 
foresee which air route will be better for our interests. 
We want develop this tool for analyse the airspace, but the real objective is to 
select which flight path for an UAV will have the less impact in the airspace and 
with the less workload for an ATC. 
We need introduce some necessary concepts to carry out our project. First we 
will introduce the ATM concept in Spain and then our necessity to quantify the 
airspace. Afterwards we introduce some definitions of concepts that we use in 
the project. At the end we will introduce the ISIS research group responsible of 
this project. 
For do that we want to analyse the databases DDR that Eurocontrol offer in 
their webpage. This data bases obtain all the information that every day they 
obtain from Airspace Management.  
 
2.1.1. ATM 
 
Looking for the definition of the ATM in AENA we can find the next information: 
The main objective of the Air Navigation Air Traffic Management (ATM) is to 
manage, organise and manage its resources to facilitate orderly and safe air 
traffic control. Ensure the air navigation system is capable of meeting the 
demand of existing air traffic all the times. 
They manage two types of demand, internal and external. 
 
Internal: Number of the air movements managed by the different Air Traffic 
control centres (ACC). 
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External: Number of flights handled by Flight Information Region (FIR) and its 
comparison with other FIR’s (defined below) in Europe [31]. 
 
First of all, we have to analyse the ATM work, this work requires a lot of 
concentration, they have the responsibility to control the airspace and the 
planes inside them, which mean the life of all users of the airspace pass 
through their hands. 
An UAV have a lot of differences if you compared with a normal plane, its 
performances are totally different. This causes an impact in the airspace, the 
flight path and affects the work that an ATM develops in their tower control. 
 
2.1.2. Problem with ATM 
 
Like we read above we have a problem with the ATM if we want to introduce a 
UAV. The ATM is responsible to provide the instructions to the planes and 
manage the airspace, ensuring safety levels and prevent any kind of accident. 
This means that they have to distribute in time and space in a 3D environment, 
because a plane can move in three different axes (Yaw, Roll and Pitch) and a 
combination of them. 
If we want to ensure an aircraft safety levels and produce the minimum impact 
in the airspace and the work developed by the ATM we have to quantify the 
airspace, study and analyse the characteristics of the sector or region where we 
want to flight with our UAV. 
 
 
2.1.3. Necessity of quantify Airspace for the ATM 
 
The necessity for quantify the airspace is to obtain data from its structure and 
characteristics, identify what happens during each of hour of a day, how many 
planes we have, how many climbs, descends, take off, landings, change of 
route etc…  
If this parameters repeat along the weeks, if that is true we can select a aerial 
route for produce the less impact in the airspace which meant we can ensure 
that the flight path is sure for flight with the UAV, and planning a flight plan and 
its alternative. 
Keeping in mind that the autonomy of the UAV is bigger than a normal plane, 
that meant that we can reach our objective with more flight time in case that we 
have to change our flight plan to another for ensure the security of the other 
planes. 
This is the reason why we want to analyse the airspace, obtain its data, 
structure and develop a metric for study the workload of a sector or region in the 
airspace. For that we have to define some parameters of the airspace, and after 
that we can create a group of algorithm to obtain the information that 
Eurocontrol provide us with their databases DDR. 
 
 
 
 
 
 
16                                                                               Evaluation of Airspace Traffic from Eurocontrol's DDR Database 
                                                                                                                        
 
2.2. Definitions 
 
 
2.2.1. FIR (Flight information Region) 
 
A flight information region (FIR) is a specified region of airspace in which 
a flight information service and an alerting service (ALRS) are provided. It is the 
largest regular division of airspace in use in the world today (see figure 5) [23]. 
Flight information Regions defines homogenous regions of aerospace, under 
the Chicago Convention. The regions cover air route structure efficiently. Until 
now the regions have been fixed by reference land and sea frontiers. 
The Single European Sky arrangements provide a European Upper Flight 
Information Region (EUIR). This upper site for the airspace is under control 
from UE Member States including the countries adjacent airspace of European 
countries which ones are not members to the UE. Upper airspace is the space 
above a specific flight level, dedicated to over flight, and lower airspace is the 
space below that flight level, dedicated to airport approaches. 
With the creation of a single FIR in the upper airspace will provide a 
reconfiguration of the delimited controlled area without regard to national 
frontiers [22]. 
 
 
 
 
Figure 5 FIR/UIR in Europe [23]. 
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2.2.2. Sector 
 
A Sector is a virtual division of airspace, the air traffic services are decomposed 
into different sectors so that its management task generates a manageable 
workload. Every sector configuration have its own capacity previously 
calculated, this is because the combined capacity is a complex combination of 
factors like traffic, flow direction configuration, procedures, coordination’s…. 
And the arithmetical addition of the elementary sector to perform a new one 
does not guarantee the correct capacity figure. Today, ATC sector definition is 
an important part of the broader process of Airspace Design, fifteen years ago; 
the first changes to the airspace structure and network were developed as a 
national responsibility, with the coordination with the Civil Aviation Organization 
ICAO. Over the year this ATC sectorisation become to a complex set of criteria 
that fit into global concepts.  
The sectorisation criteria are [21]: 
 State boundaries or bilateral agreements for provision of ATS. 
 International agreements for provision of ATS over international waters. 
 Location of areas of special use – danger, prohibited, temporary 
segregated. 
 Geographical characteristics of the area, type of service that is to be 
provided, radio and radar coverage. 
 Direction of main traffic flow, in-sector flight time, conflict point distribution, 
etc [21]. 
 
2.2.3. Fix 
 
Fix is a point in the airspace fixed or determined by reference to a 
radial/localizer/azimuth and distance from very high frequency omnidirectional 
range VOR-DME DME/VOR collocated with tactical air navigation 
(TACAN)/TACAN/Instrument Lan-ding System (ILS)-DME or Microwave 
Landing System (MLS) as follows: 
a. When a fix is not named, state the name of the navigational aid followed by a 
specified radial/localizer/azimuth and state the distance in miles followed by the 
phrase 'mile fix.' 
 
b. When a fix is charted on a standard instrument departure, standard terminal 
arrival route, en route chart, or approach plate, state the name of the fix. 
 
c. Use specific terms to describe a fix. Do not use expressions such as 'passing 
Victor Twelve' or 'passing J Eleven.' [24]. 
 
 
2.2.4. Flight path 
 
A flight path is an airspace route which one is defined by the fix points along his 
path. It is similar to airway but referring to the airplane. It is to say the airway 
which is following the airplane it is own air path. 
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2.2.5. Airway 
 
An airway can be defined as the control area or portion that is similar to a 
corridor in the airspace; it is delimited through radio navigation aids [37]. 
 
2.3. Isis system (Icarus research team) 
 
 
Figure 6: Icarus Research group [38]. 
 
The Isis System is a new project developed by the Icarus research group, the 
intention is to create an air control and management to the airspace for the UAV 
in Europe. This system provide along tools like control and management for the 
UAV, visualisation, airspace management etc… 
 
The ICARUS research group is formed by researchers of the Technical 
University of Catalonia - Barcelona Tech (Universitat Politècnica de 
Catalunya, UPC) and is a member of the UPC's Research Center for the 
Aeronautics and Space (Centre de Recèrca per l'Aeronàutica i l'Espai,CRAE).  
The group is mainly formed by faculty of the Computer Architecture 
Department and the Telecommunication. The main teaching and research 
activities are performed at the Mediterranean Technology Park located in 
Castelldefels (Barcelona), Catalonia - Spain. Besides this permanent faculty, 
some researchers, PhD and Ms’ students are also members of the group with 
part to full time dedications [25]. 
 
2.3.1. Introduction to Isis System 
 
Isis System is developing an air control and airspace management for piloting 
an UAV from an air control centre in Europe. The system includes a control for 
piloting the UAV, cartographic editor for planning the air path, guidance and 
vigilance by GPS, communications, etc… 
This thesis centre in the airspace management in concrete the airspace 
management tool, which one we can study the airspace in Europe. With the 
information provided by Eurocontrol, Isis develops a visual interface to study 
and analyse the information. For example we can study how many flights cross 
a fix in a given sector of the airspace, or to analyse which hour is critical 
because a certain areas has the most volume of air traffic. 
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2.3.2. Airspace Management from Isis System 
 
The first thing we have to consider is the high volume of the air traffic in Europe,  
the end of each day thousands of flights have been realized and that value 
continues in the night. For that reason the first step for construct a tool for 
managing the air space in Europe is try to filter this massive information 
restricted it to a certain zone. Using the files provided by Eurocontrol Isis 
develops a tool for read that information (see figure 7). 
 
The airspace is complex, we can divided the airspace in regions, the regions is 
a determinate geographical zone, inside this regions we have sector, that is a 
small part compared with the region of the airspace, the sector can be collapsed 
and they will form a new region of the airspace. The family files provide us a 
group of sectors and regions. 
 
The first step would be to read the files from Eurocontrol DDR and create a data 
structure, which would contain all the information from the airspace in Europe, 
number of planes, flight plans (original and radar plan), fix point, change of 
altitude, interaction, etc… 
Notice that the information between the flights have a concordance or matching, 
for example in the Aircraft file you can obtain the information from one plane 
with its identification and search and matching the performance of this plane in 
the Performance file. In the files with flight plans you can search the 
identification of this plan and obtain its flight plan like in which airport it start or 
its final airport, the flight fixes (geographical points in the airspace for control the 
airwaves) etc… 
The structure data is the first important step for develop a tool to control de 
airspace. Isis creates a data structure with an index for the identification of the 
plane, family, sectors, regions etc… We introduce the next chapter what type of 
files we are going to use. 
 
 
Figure 7: Isis tool [37]. 
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2.3.3. Demand Data Repository (DDR) files from Eurocontrol 
(information from ATC in Europe). 
 
The files from Eurocontrol provide us the information of the flight plans. We 
have two flight plans the M1 data and the M3. The M1 it is the original flight plan 
the company or the pilot designed. The M3 it is the radar data with the real flight 
plan than the aircraft flight. 
 
Also we can find the information of the air blocks (regions of the airspace 
delimited by geographical coordinates) and the sectors (build from air blocks). 
Also which airports we have in the sectors or air blocks, fixes (geographical 
points) etc…Ultimately all the information regarding air space. 
 
The fixes are a geographical point for control the airway of the aircraft, these 
points could be related to the radio navigation aids DME or VOR systems. In the 
files the fixes are divided into classes. A single fix information with its latitude 
and longitude or could be divided in fix begin and fix end. These fixes are 
related to the flight plan and determine segments. Fix begin is the first point and 
fix end the last one. The segment is defined between two geographical points, 
these points are those fixes. 
 
 
Performance file: provide us the performance of a determinate aircraft that had 
flew in the European airspace like Climb speed, cruise speed, descent speed, 
low flight level, upper flight level, climb rate, descent rate. 
Aircraft file: Provide us the name and model of each airplane, matching the 
information with the performance file.  
 
Airport File: This file provide us the information of the airports in Europe, like 
airport code, latitude and longitude (geographical position), name of the airport 
or country, altitude. 
Like we see in the next images we have 7340 Airports in Europe, in the 
structure we have the list of data that we see in the image 
 
Region file: This file provide us the next information Gasel Airblock (gar) 
describe 2D definition of airblocks we obtain take the next values, Region name, 
number of point of the region (it is a polygon, some polygons have more than 
750 points), latitude and longitude of each point. With this file using a metric 
developed by Isis we can obtain the FIR of the polygon, the minimum and 
maximum Radius and the FIR perimeter. Note that this information is very 
important for draw visual information on the Isis tool. 
 
Sector File: This file provides two types of information the first one is sector file 
(Gasel Sector File) Describe how elementary sectors are built from airblocks, 
Name of the sector, description of the sector and the number of regions inside 
the sector. This file is divided in other section which has more information from 
the specific region like the name of the airblock, top flight level, bottom flight 
level. 
The second file is the Gasel Airspace File, which describes how elementary 
sectors can be collapsed, can also contain description other bigger airspace. 
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We take the name of the airspace, the description comment, type of the 
airspace and the number of sector. 
 
Family name: This file is divided in two files with the extension cfg (Sector 
Configuration file) and cos (Configuration Opening Scheme). 
With the cfg we take the next values: Family name, configuration name and 
sector name. 
With the cos we take the next values, family name, configuration name, and a 
date time period with year , month, day and the opening information of the 
family (for the uses of the airspace) start hour, start minute, end hour and 
minute end. 
 
You should notice that some files have the same values for example sector 
name. This is how we can match the files from his configuration or if they are 
included in some other file [39]. 
 
Data structure: 
 
When we read all the files inside the Isis management tool we create this data 
structure from the DDR files (see figure 8): 
 
 
Figure 8. Data structure DDR Gasel from the DDR files [37]. 
In this data structure we will have the different information that we will obtain 
from the DDR data base, we have different fields and each one contains more 
fields. For example in the main structure we have the DDR_Airport which will 
contain all the information regarding the airport, we have the next information 
(see figure 9): 
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Figure 9. Data structure DDR Airports from the DDR files [37]. 
As we can see the field DRR_Airport contains its fix obtained the airport name, 
its altitude, etc… 
Let see in more detail the Fix field (see figure 10) 
 
 
Figure 10. Field Fix inside DDR Airports from the DDR files [37]. 
Inside field Fix we have its description if we have one, its identification, latitude, 
longitude, the name of the fix and which type is, in that case it’s a fix from an 
Airport, we have to put this because we will have fixes along the airway and we 
will have a data structure containing only the fixes, for that reason we have to 
add this information (see figure 11). 
 
Now let see the next field but without going into detail (see figures 11, 
12,13,14,15): 
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Family field: 
 
Figure 11. Data structure DDR Family from the DDR files [37]. 
 
We can see the amount of information that we have is enormous, but this 
information is all necessary to analyse the airspace faithfully. 
 
 
Fixes field: 
 
 
Figure 12. Data structure DDR Fixes from the DDR files [37]. 
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Performances field: 
 
 
Figure 13. Data structure DDR performances from the DDR files [37]. 
 
Regions field: 
 
 
Figure 14. Data structure DDR Regions from the DDR files [37]. 
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Sectors field: 
 
 
Figure 15. Data structure DDR Sectors from the DDR files [37]. 
 
Flight Plan: We have two types of files differenced by m1 or m3. The m1 files 
are the original flight plan design for the flight company which plan is validated 
by Eurocontrol in Brussels, the m3 files is the real flight plan controlled by radar, 
can be a lot of different between them, for example a flight plan could be shorter 
or longer, could be a change of direction determined by a conflict in the 
airspace and the plane had been turn aside etc… 
The information that we take from this files is: 
 
 Segment identifier (first point and last point of the flight). 
 Origin of flight. 
 Destination of flight. 
 Aircraft type. 
 Time begin segment. 
 Time end segment. 
 Flight level begin segment. 
 Flight level end segment. 
 Status (climb, descend or cruise). 
 Call sign (plane name from aeronautical nomenclature). 
 Date begin segment. 
 Date end segment. 
 Latitude being segment. 
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 Longitude begin segment. 
 Latitude end segment. 
 Longitude end segment. 
 Flight identifier (number). 
 Sequence (start at 1 for every new flight plan, incremented at each line of 
the flight plan). 
 Segment length (nautical miles). 
 Segment parity/colour (colour of the segment for have a differentiation for 
each segment). 
 
All files are obtained by Eurocontrol used in their data structure DDR, we used 
in our benefice. The reference is DDR reference Manual 1.5.8. [26]. 
 
After reading these files, we entered in the DDR data structure obtaining a new 
field named DDR_FlightPathM1 (figure 16): 
 
 
Figure 16. Data structure DDR Flight path M1 from the DDR files [37]. 
 
Keep in mind that M1 would meant that these flight plans are the original 
designed before the take-off. The M3 files are the flight plan obtained from the 
radar, the true flight plan realized. 
 
Like in the airport field we have different information in each field (see figure 
17,18,19): 
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Route field: 
 
Figure 17. Field route inside DDR Flight path M1 from the DDR files [37]. 
 
In this example of the Route field we had a count number of 13 (see figure 16) 
and in the figure 16 we have an example of one of these 13 routes. We can see 
which fixes the plane cross during its flight (date, fix, latitude, longitude, name, 
etc…) 
 
Segment Route (Figure 18): 
 
 
Figure 18. Field Segment route inside DDR Flight path M1 from the DDR files 
[37] 
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Inside Segment Route we have another field called fix Begin (figure 19): 
 
Fix Begin: 
 
Figure 19. Field Fix Begin inside DDR Flight path M1 from the DDR files [37]. 
 
We obtain the similar information from the fix end. This is because in the 
segment files we obtain when the segment start (fix begin) and when end (fix 
end) with that information we obtain a segment and a group of segments we 
can see the airway that the plane followed. 
 
With this data structure we are ready to start to operate and analyse the 
airspace in Europe, first we need some functions to operate the space and 
position of the planes in the map and filter the information that we want analyse. 
 
2.3.4. Analysis of Airspace with Isis 
 
With the data structure read and created, we can proceed to analyse the 
airspace in Europe. The first step is to determinate when a fix is inside a sector. 
The reason is because we want to introduce a geographical filter in the 
programme. This filter will create a geographical area delimited by a 
circumference. That will exclude all the information that is not inside the area 
that we will define. We need to know if the fix is inside that circumference. That 
is applicable to the sector or region too. 
Another necessity is to paint in the map (inside Isis tool) the flight path and its 
interaction with the sectors. We need to know when the flight plan intersects or 
enters in a sector. For that Isis had a tool for paint a geographical point or fixes 
in the airspace. For obtain his intersection we develop a geometrical 
computational algorithm to determine the intersection point between a flight 
segment and an area. 
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The first step of the algorithm is 
determined if a point is inside a 
polygon. This is important because 
the polygon is the sector or region 
of the airspace and the point is the 
flight plane fix. 
For this algorithm we used the 
book Computational Geometry in C 
(second Edition) by Joseph 
O’Rourke [27] and a version of the 
algorithm by the programmer Alex 
Kazaev [28]. 
 
The easiest way to determine if the point is inside the complex polygon is to test 
how many times a ray, starting from the point (R) and going any fixed direction 
intersects the polygon sides. The number of intersections is an even number if 
the point is outside, and it is odd if inside (see figure 20). 
Here, we have a complex polygon with the point located in one of the holes 
inside (the point named R is the selected point). 
You can see that the horizontal line that contains our point of choice has two 
intersections with the polygon sides on the left and two on the right of the point. 
Even number of intersections, the point is outside. 
Now, let’s move our point. In this case the 
line has one intersection on each side. The 
number of intersections is odd, the point is 
inside the polygon. 
One of the known drawbacks of this 
algorithm is that the state of the point that is 
placed on the side of polygon is unknown – 
that is it could be declared as either inner or 
outer point [28]. 
 
 
Figure 21. Point in Polygon example 2 [28]. 
 
 
The algorithm is constructed by given a polygon points and a specific point: 
We create a loop that we analyse that condition: 
 
     
         
 
            
 
         
        
 (2.1) 
Let’s explain these variables. 
Figure 20. Point in polygon example [28]. 
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This formula (2.1) analyse each coordinate Y of each point of the polygon and 
compare it with the test point. If the coordinate Y of the test point is bigger than 
the coordinate Y of the polygon and at the same time the coordinate Y of the 
last point of the polygon is bigger or equal at the coordinate of the test point. 
Then it is possible that the point can be inside the polygon, for check if that is 
true we check the next formula: 
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 )      
(2.2) 
  
 
                            
                                                     
 
Now, if the position is lower than the specific point coordinate X then is true the 
point is inside the polygon if not, is outside. 
That algorithm is named Ray Casting Algorithm that you can find more 
information [40].  
Now the next step is to determinate the intersection between segments [29][30]. 
 
Intersection Segment-Segment 
The following function both detects line intersections and determines the 
intersection point. It is based on an algorithm in Andre LeMothe's "Tricks of the 
Windows Game Programming Gurus" [29][30]. 
 
x1=Segment1 latitude Begin 
x2=Segment1 latitude End 
x3=segment2 latitude Begin 
x4=segmen2 latitude End 
y1=Segment1 longitude Begin 
y2=Segment1 longitude End 
y3=segment2 longitude Begin 
y4=segment2 longitude End 
         
         
         
         
                                         
                                        
(2.3) 
Suppose the two segments run from (x1,y1) to (x2,y2)+r and (x3,y3) to (x4,y4)+q. 
Then any point on the first line is representable as (x2,y2) + s*r (for a scalar 
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parameter s) and any point on the second line as (x4,y4) + t*q (for a scalar 
parameter t). The two lines intersect if we can find t and s such that: 
 
                                    
(2.4) 
Cross both sides with       , getting: 
 
[                 ]          [                 ]          
(2.5) 
And since        *        =0 applying this concept and solving for t and s we 
obtain the solutions above S and T. 
Now if r*q=0 then the two lines are parallel. There are two cases  
[               ]      too, then the lines are collinear, otherwise they never 
intersects).  
Otherwise the intersection point is on the original pair of line segments if 
0 ≤ s ≤ 1 and 0 ≤ t ≤ 1 [29][30]. 
 
With these results now we can check the next condition: 
 
                     
(2.6) 
If condition R is true, then we have an intersection point and now we can obtain 
the coordinates of that point: 
 
            
            
(2.7) 
Now we have the intersection point between two segments. With these two 
functions (is point in polygon and intersection segment-segment), we applied 
them into the Isis tool for analyse flight plans segments. But before that we had 
to solve another problem. 
2.3.5. Filters 
 
Like we said before, DDR file contain lots of information, the quantity is too 
huge for analyse without a filter, keep in mind that we analyse the airspace in 
Europe a massive planes flight every day in a “small” geographic space if we 
compare with America. For that reason we have to apply a filter. That reduces 
the amount of data to that placed around a certain location of interest. 
We create a filter that we only have to introduce a point in the space or zone 
that we want analyse (latitude and longitude) and a diameter. The necessity of a 
diameter is because we will create a circle with its centre will be the point 
introduced (figure 22). All information within this circle will be kept after the 
filtering process. Keep in mind that in this moment the filter selects only the 
sector that is inside the circumference and the flight plans. But the flight plan is 
considered in their take-off and landing independently if that manoeuvre occurs 
inside the circumference or not, the only condition is if during the flight plan 
crosses the circumference then we count that flight plan.
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Figure 22. Filter data structure [38]. 
 
The algorithm will apply the point in polygon algorithm to analyse which families, 
sector, regions and flight plans will be inside the generated circle. 
With the data structure filtered, thanks to the Isis tool Airspace Manager we can 
see the final results of these two algorithms (figure 23). 
 
Results Isis Tool: 
 
 
Figure 23. Flight path demonstration [38]. 
 
In the figure 23 we can see the Isis research tool in their graphical process how 
we can draw a flight plan (green line). The green dots are the fixes of the 
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airspace. The red and blue polygons are the FAB of the airspace constructed 
through a group of polygons. They are the sectors of the airspace. 
 
We can see the green dots and a green line, the green dots are the fixes that a 
flight plans contains, these points are used to control the plane along his path. 
The green line just draws the route that the plane followed between fixes. The 
first fix is the departure airport, and the final dot is its final destination (figure 
24). 
 
 
Figure 24. Flight path demonstration 2 [38]. 
 
 
The big green dot indicates an intersection point. In this case it is the 
intersection point of a flight segment and a sector of the airspace. This is a 
result after apply the intersection segment-segment algorithm. 
Now we have the files read and filtered. Before enter in the developing of a 
mathematical function to determinate the workload. We need to introduce this 
concept. For that the next section will aim the definition of these concepts. 
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Workload Concept 
 
3.1. Definition 
 
The workload means the amount of work people have to or are expected to 
complete. But this is not all we have to pursue the subject: 
 
 A workload gives us the information about how difficult the work is. The 
influence of the difficult can be given by the staff skill level, their 
experience. 
 How varies the workload can give us the information about his 
fluctuations (is always the same? We have some different periods?) 
 The staffs have the control over their workload and they choose to carry 
out their work. Can they organise task in the way they see fit? 
 The novelty of the work to those staff carrying it out. For example, how 
familiar are staffs with the tasks they are being asked to do? 
 The length of time for which staff work at an intense rate without breaks. 
For example, do staff work hard for long periods with few or no breaks or 
longer rest periods? 
 
Also, the nature of workload varies from job to job and it is worth being aware of 
the special features of the workload experienced by those people you manage. 
For example, some jobs may be repetitive, others may require dealing with 
people, and others require staff to constantly undertake new and unfamiliar 
tasks. Each of these features needs to be considered when thinking about the 
kinds of steps you can take to help prevent and resolve workload problems [32]. 
 
We can obtain for this description that the workload is difficult to analyse, to 
quantify, and to obtain a specific value. The workload could be different for each 
person and can vary for how a person has been taught along their life. But we 
need it to analyse and determinate a workload value for an ATM. Keep in mind 
that’s an introduction of this concept and their analysis for the airspace. 
 
3.1.1. Mental Workload 
 
The complexity of an ATC plays a major role in driving controller workload. 
Workload in ATC is generally mental, as opposed to physical, in nature. 
We have a lack of a clear definition for a mental workload, but we can find in 
different books that: 
The mental workload is not unitary, it is a multi-dimensional concept, that taps 
both the difficulty of a task and the effort (both physical and mental) brought to 
bear. Represent an interaction between task and operator. This can vary for 
different task-operator combinations. Such factors as time pressure, noise, 
stress, and distraction can all influence the 'human costs' of performing a given 
task. Aptitude, skill, experience, operating behaviours, and personality 
characteristics have all been cited as determinants of subjective workload in 
ATC. Clearly, the same given task might represent a reasonable amount of 
workload for an experienced operator, yet overload a novice. The distinction is 
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generally made between task load (the objective demands of a task) and 
workload (the subjective demand experienced in the performance of a task). 
Now we can see a model proposed by Wickens of the human attention [33]. 
 
 
Figure 25. The multiple resources model of human attention (after Wickens, 
1980) [33]. 
 
According to this model, tasks differ on the basis of demand they place in terms 
of: input modality (visual versus auditory), data input code (special/verb) stage 
of processing (encoding/central/response) and response type (manual versus 
verbal). Depending on the tasks the degree of interference between them can 
be different depending on their compatibility along the dimensions outlined 
above.(figure25) [33]. 
 
With this first we have to obtain the parameters of the airspace, the parameters 
that can influence the workload of an ATM. 
 
3.2. Metric parameters 
 
The objective of this section is to make an approximation of the parameters 
needed in the calculation of ATC workload. 
 
The first parameters that can produce Workload are [35]: 
 
1. Situation of the airspace (Can be measured). 
2. State of the equipment (cannot be controlled or measured). 
3. State of the controller (cannot be controlled or measured). 
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3.2.1. Situation of the Airspace 
 
1. Physical aspects of the sector [35][36]: 
a. Size (airway configuration). 
i.  Number of airways. 
ii.  Airways crossing. 
iii. Obstacles (in low level flights). 
iv. Operation time of sector (openings and closes). 
v. Small angle convergence route. 
vi. Consecutive Peak hour (maximum of flights in a day in 
more than one hour). 
b. Air traffic: 
i. Number of climbing and descending flights. 
ii. Turns operations. 
iii. Proximity of airplanes. 
iv. Number of airplanes. 
v. Type of airplanes [36] (degree of aircraft mix [35]). 
vi. Velocity of airplanes. 
vii. Number of handoffs outbound / inbound. 
viii. Number of intersecting fly path. 
An interview with Judith Gutierrez, licensed in air traffic controller. Explain that 
the factor which does more workload is the air traffic in the moment that they 
are working and the characteristics of that traffic. For example, there is an 
important difference with airplanes flying with visual Flight Rules and 
Instrumental Flight Rules. It is easier to control the IFR than the VFR, because 
the air traffic controllers have to provide more information and control to the 
VFR for maintenance a separation between planes, the IFR comes with the 
separation by approximation. 
Another factor that gives more workload it is the communication flow that an air 
traffic controller has at any moment. For example an ATC, can have in his 
communication the fire-fighters, Airport Operations, Airplanes, aerodromes 
near, etc…. 
An important factor is time, in any given time there are multi operations to 
manage, aircraft move each second a long distance, and you have to foresee 
their position faster as you can. 
The ATC is an important factor because each person is different; there are ATC 
that can see better the traffic, other worse. For that reason there are controllers 
that manage 20 planes in its frequency and others only 7. 
The meteorological factor is important too. In low visibility procedures are more 
complex, and the number of planes is reduced. This is an important change in 
the structure of operational procedures for example the characteristic of the 
departures. 
Another factor that can increase the workload is the number off aerodromes in 
the proximity of the airport or sector, because the ATC has to coordinate with 
them, like coordination of traffic transfer, communications, responsibilities, 
emergency procedures, etc... 
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If there are an annex office Approach Control (APP), will increase the workload 
because the ATC has to coordination with them. 
The proximity of military areas it is an additional factor that can increase the 
workload, both civil and military have to use the same airspace in coordination, 
the preference is for the civil airplanes. 
The Emergency are another factor that increase the workload of ATM, if we 
have an emergency first of all the ATC has the acknowledge of emergency, 
contact with approximation control to tell them that they do not send more traffic 
in that sector, contact with the emergency airplane that all runaways are 
available, etc…. 
The meteorology can also affect the operation in the airport or sector, affecting 
the workload. 
 
3.3. Analysis with ISIS system 
 
Now with the data structure created by ISIS system we can analyse the 
information. First we need to add a data time analysis, which means that we 
have to sort the data by its time, we need to analyse space ,sector and time, 
know what we have and when we have it. To do that we need to introduce a 
library called time period. We found this library in code project web developed 
by Jani Giannoudis [34]. 
 
This library permits us to analyse the time from time periods. We can define a 
object in C# the start date, time or both and end date, time or both. Which this 
allocation of time we can use some function to analyse and determine 
comparing two object if they have overlap, intersection, if it is inside one of the 
other time period, or if they are the same. Ultimately this library allows us to 
realize calculations regarding time, or time periods covering the following areas: 
 
 Support for individual time periods. 
 Working with calendar periods within calendar years. 
 Working with calendar periods deviating from the calendar year (fiscal or 
school periods) [34]. 
 
3.3.1. Obtaining Parameters 
 
With the ISIS Airspace Visualisation tool we can obtain and analyse the 
airspace in Europe. In this thesis we cannot put all the function and processes 
of the program because the ISIS tools have a lot of lines code, functions and 
structures. 
After read the files from Eurocontrol, Gasel data structure and flight plans. 
 
With this information we can develop a mathematical function to do an 
approximation of the workload that an ATC could have in that airspace 
configuration. First of all we have to divide the parameters obtained in two 
different classes. Those parameters which never change, because it’s have a 
fixed configuration. Like the number of airways for a Sector. We can have a 
sector with 3 different configurations but the number of airways it is the same 
normally. If an airway is cancelled the airways obtain a new configuration which 
one could be the same if there are no changes in it. 
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The second class will be those parameters that can change in time, for example 
the number of planes, the number of interactions (climbs, descends, turns). 
 
Fixed parameters: 
 
 Fixes (Geographical point). 
 Air blocks. 
 Sectors. 
 
The other division if from that parameter that change along the day, and no one 
can control them, because is not fixed. Those parameters are the movement of 
air traffic. 
 
Unfixed parameters: 
 
 Number of Airplanes in a Sector. 
 Number of Climbing’s. 
 Number of Descends. 
 Intersections (number of flight path intersections). 
 Take off. 
 Landing. 
 
With the differentiation of these parameters we can realise a study to perform a 
metric that can provide us information for the workload that an ATM can suffer. 
 
3.3.2. Metrics 
 
A metric will be a determinate workload value for a determinate parameter. This 
will be used for calculate a final workload for the ATC regarding all the 
parameters. For the evaluation of metric, we will give an approximate workload 
value for each parameter. We have to know that the workload could be different 
for each person, for that we have to consider this metrics like a first 
approximation to the workload suffered by an Air Traffic Controller. 
 
In the next table we give and approximate value to each interaction: 
Table 2. Metric workload values [38]. 
 
Parameters Workload value  
Number of climbing’s 0.50 
Number of descending’s 0.50 
Number of Airplanes 0.50 
Intersections 1.50 
Take off 1.50 
Landing 1.50 
 
Each parameter increases the workload value for an air traffic controller. We 
study each workload in a concrete value of time. With that we can evaluate the 
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changes in the workload value depending of the airspace situation and its 
configuration along the day. At this moment the airspace configuration it’s fixed 
for each sector. In the future the idea is have a variable airspace configuration. 
The workload could have a similar value along the days. But the idea is to 
develop a mathematical expression to obtain a workload just analysing the data 
obtained from Eurocontrol. 
 
3.3.3. Estimation of Workload 
 
Now we can estimate the workload using the parameters obtained from 
Eurocontrol for each procedure: 
We will use the same parameters described in the Table 2 and assign them a 
variable. 
Table 3. Workload Parameters [38]. 
 
Parameters 
Number of airplanes (na) 
Intersection number (in) 
Climbs (c) 
Descends (d) 
Take off (to) 
Landings (l) 
In the Table 2 we assigned some workload values. This values are not a fixed 
parameters, we can changed if we consider that a workload value for a 
determinate parameter have to be increased or decreased. 
Table 4. Workload formula for traffic manoeuvres [38]. 
 
Workload 
         [                                     
                                           
               ] 
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Application of Metrics 
 
Now we are ready to create a function to analyse the airspace in our data 
structure and obtain a workload parameter that can give us a first idea of the 
airspace configuration in every hour that we want to choose. 
 
First we need to select the flightpathM1 from the data structure that we created 
before and analyse each flight and its entire flight segment. The idea was to 
found all the intersection between flight plans. 
 
4.1. Conditions data structure. 
 
Before analyse the data we need to filter the information. The reason is that we 
have information of all flight plans in Europe and we want to centre in a specific 
region of the airspace. For example, after reading those files that we will use in 
this thesis. We obtain 51857 flight paths in Europe regarding three days in 
Europe (23/11/2011 to 25/11/2011). The specific zone that we want analyse will 
be the airport of Reus localized in these coordinates: 
 
Latitude: 41.147404 
Longitude: 1.167190 
 
For that we implement a geographical filter (see figure 26). The filter will be a 
circumference in a geographical map. We will discard all those flight plans and 
the related information (airports, sectors, regions) outside of the circumference. 
This filter needs the latitude and longitude of the geographical point that we 
want centre. Then we introduce a diameter of the circumference. 
 
 
Figure 26. Data structure filter [38]. 
 
When we have the data filtered. The second step is to analyze the data. We will 
analyze which segments of the flight plans intersect with another segment of 
another flight plans. But we have data from three days and for each hour, 
minute and seconds of those days. For that reason we introduce the second 
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condition. We want determinate previously which flight plans could be 
candidates of having an intersection. We create a function with the Time period 
library. In this function we introduce the data and time of each segment of the 
flight plans. Then we compare each segment of one flight plan with all the 
segments of another flight plan. If we have an overlap in time or intersection 
could be possible that they intersects. Afterwards, we select the next segment 
of the flight plan that we analyse and repeat the process. With that we will 
discard all the flight plans that are impossible to intersect between them in time. 
But we need to ask the next question. It is possible that a flight plan that starts 
at 10:00 a.m. cannot intersect with a flight plan that starts at 15:00 p.m.? For 
precaution we introduce the third condition. We analyse the flight plans that can 
intersect obtained from the second condition. Now we have groups of two 
segments that can intersect. A segment from a flight plan and another segment 
from other flight plan. Remember that a segment is divided in two fixes. The 
start point (fix begin) and the end point (fix end). We compare the distance of 
the fix begin of the first flight plan that we analyse to the fix begin for the second 
flight plan that we analyse. If the distance between the two fixes is greater than 
a determinate value it’s impossible that they intersect in time. Because if they 
start at the same hour or if their data time overlaps. If the distance is too long, it 
is impossible that they intersect if they did not flight to supersonic flight. 
 
After those conditions we reduce the number of flight plans (with the specific 
files that we read) to 2489 flight plans each one can have more than 30 or 50 
segments per flight (figure 27). 
 
 
 
Figure 27. One flight plan inside fp structure [38]. 
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4.2. Flight plan intersections 
 
We create a algorithm with a loop regarding all the flight plans and another loop 
inside for each segment. We analyse if a segment for a flight plan intersect with 
all the others flight plans. For that we create the next mathematical function. 
Using the intersection segment-segment explained previously. To obtain that 
flight path that their segment cross another segment. Or if the segment used for 
the flight plans it is the same. 
The function return to us two coordinates latitude and longitude when the flights 
path intersects. 
 
                                 
                                  
 
Now we introduce another function to obtain first of all the velocity (obtained 
from the performances and the flight plane M1 files) and the position (fix begin 
from the flight plan M1) of each plane (plane 1 and plane 2). Keep in mind that 
we analyse a group of segment of two flight path. That means that we have a 
start point and end point, the intersection could be in the initial or final points or 
in the middle (see figure 28). 
 
   
{
 
 
 
 
 
   
   
   
   
 
 
                                         
                                       
                         
                       
                       
                     
 
Figure 28. Graphical representation of an intersection point 
We can find with another function developed by Isis the distance between the 
fly fixes and the intersection point. 
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Then we can calculate the time of each plane will arrive to the intersection point 
with a basic operation (see figure 29). 
 
    
  
 
 
(4.1) 
                                                   
 
Figure 29. Graphical to intersection point 2. 
If we compare both times, we obtain the flight plane which will arrive first to the 
intersection than the other plane. 
With that result we know which plane will be at the intersection point first and in 
which time will arrive. 
 
             
(4.2) 
                                                
 
Now if we add that time to the other plane we will now the exact time that the 
plane will be when the other plane is in the intersection point (see figure 30). 
 
                
                
 
                       
                                          
 
(4.3)
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Figure 30. Graphical Intersection point 3. 
With the time TP2 we can obtain with a function developed by Isis named 
Geodesy the exact point of that plane, so now we have the position of plane 1 
that is in the intersection point, and the position of the plane 2 in the same time. 
We only need to apply the distance function to obtain the distance between 
planes, if the distance is less than 5 Nautical miles (because is the distance 
minimum for security) we have an intersection conflict. 
The result is this: 
 
 
Figure 31. Intersection list obtained from the intersection algorithm [37]. 
 
We have a 59 intersection (see figure 31) in the DDR files in a different time and 
dates. In the studied files we have 3 dates from 23/11/2011 to 25/11/2011. 
 
4.3. Flight plan Climbs and Descends 
 
To obtain the number of climbs and descends, we need to analyse the 
difference of flight level that we have between Fix Begin and Fix End. 
The flight level is obtained from the DDR flight plan M1. We create a loop to 
obtain in each flight plan and in each segment their flight level. If we have that 
the Fix End flight level is greater than the Fix Begin flight level that will mean 
that the plane did a climb.  
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In the other way if we have the opposite that will mean that we have a descent. 
We use the data and time to analyse that metric. 
 
                
              
                          
 
4.4. Flight plan Take off and Landings 
 
Using the same analysis in Flight plan Climbs and Descends, we just need to 
obtain the first fix begin from the first flight segment in the plane that we are 
analysing to obtain the take-off, because the first point is the Airport origin. 
In the other hand the last Fix End in the last flight segment of the plane that we 
are analysing it is the destination airport and that means that is its landing. We 
use the data and time to analyse that metric. 
 
4.5. Number of planes 
 
For the number of planes we just need to use a function of the Time Period 
library and analyse the flight plan. The function analyse when two different 
dates (date and time) intersect between them. Keep in mind that previously we 
add in each segment point (begin and end) its date and time. We look each 
segment of that planes if the period of time intersects with another segment of 
another flight plans, if this is true that would meant that in the airspace have 
these planes, if we look in all the flight plans we can obtain the exact number of 
planes in the filtered zone. With the applying of these parameters in the same 
intersection list we obtain that number of interactions: 
 
This list contains all the parameters from all the days and dates from the DDR 
data structure obtained from the DDR Eurocontrol data base. 
 
4.6. Filter Time 
 
Before computing the results in a file or show it through a graph we need filter 
the date and time. We created that filter that we can select one day, two, 
months or years and afterwards we can select the times. In this document we 
analyse the dates 23/11/2011, 24/11/2011 and 25/11/2011 the time period 
selected is between 00:00:00 and 23:59:59 (see figure 32). 
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Figure 32. Filter data and time for the intersection list [38]. 
 
We select the date initial and final because the files could have more than one 
day, we have to enter the time period of the conflict (initial and final). 
In the next lines we analyse the date 23/11/2011. The selected area (filtered) is 
Reus with a diameter of 30000km. 
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Analysis and Results 
 
5.1. Results 
 
After the calculations of all the metrics we save all the information in a excel 
sheet, the reason for select a excel sheet it is for use their graphics to analyse 
the data and filter the parameters that we want or order the list. 
The software has some bug that must be fixes but in this thesis we drag these 
bugs. Keep in mind like we explained in section 2.3.5. At this moment the 
programme includes the complete flight plan since the aircraft take-off and until 
its landing. So the results of final workload it is only an approximation. The 
programme has to be improved and take in count only the segments of the flight 
plan than enters in the sector until leave it. For do that. We need to apply the 
algorithm segment-segment. One segment has to be the segment of the flight 
plan and the other segment has to be the segment of the polygon that shapes 
the sector or region. 
Here we have an example of the excel sheet: 
 
Table 5. Example excel sheet with the metric values [38]. 
 
UTCdate UTCtime takeoff climbs descends landings num planes intersections Time intersection Workload 
23/11/2011 12:08:00 2 2 0 0 9 0 0:00:00 15 
23/11/2011 12:09:00 1 1 0 0 15 0 0:00:00 18 
23/11/2011 12:09:18 0 1 0 0 4 0 0:00:00 5 
23/11/2011 12:10:00 1 1 0 0 6 0 0:00:00 9 
23/11/2011 12:11:36 0 1 0 0 14 0 0:00:00 15 
23/11/2011 12:12:00 1 1 0 0 7 0 0:00:00 10 
23/11/2011 12:12:51 0 1 0 0 7 0 0:00:00 8 
23/11/2011 12:13:00 1 1 0 0 8 0 0:00:00 11 
 
The table 5 show us the identification of planes that make an interaction like 
ascends, descends etc…. 
The "time intersection" cell, show us the exact time when it will happen the 
intersection. For calculate that time, we use the equation explained in the 
section 4.2. 
 
Manoeuvres: 
 
Now with all the information we can proceed to analyse the periods, times that 
we are interested. For example let see the days 24/11/2011 and 25/11/2011 
and the interval of time will be 10:00:00 until 10:30:00. We are going to study 
only the manoeuvres that meant the landings, descend, ascend and take-
off.(see figure 33 and 34). 
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Figure 33. Manoeuvres Reus 24/11/2011 [38].  
 
 
Figure 34. Manoeuvres Reus 25/11/2011 [38].  
 
Like we can see in the images the manoeuvres are similar, it is true that have 
some differences for example in the day 25 at 10:14:38 we have more number 
of climbs than the day 24. 
In this image we can have a bug, because in the hour 10:14:38 we have a lot 
Maneuvers in only one minut. That is difficult to have passed. But the rest of 
periods could be possible. 
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Air traffic 
 
 
Figure 35. Air traffic in Reus 24/11/2011 [38].  
 
 
Figure 36. Air traffic in Reus 25/11/2011 [38].  
 
In the images above we have some peaks at the number of planes. This has to 
be another bug. The other time periods has a reasonable value in the number of 
planes (figure 35 and 36). 
 
5.1.1. Consequences of Flight Zone 
 
With these results we can see how the air traffic around Reus and Barcelona is. 
It is know that we want deploy the UAV in the airport of Reus, for that reason we 
studied the characteristics of Reus with the data from Eurocontrol. It is difficult 
with these values determinate which zone will be better to deploy our UAV. But 
we can obtain a first approximation that how the air traffic movement is. But is 
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not only Reus Zone that we can study; now we can see any zone that we want 
to study. For example let’s see Barcelona at the day 24/11/2011 during all day. 
 
5.1.2. Workload 
 
With the Metric we introduced in section 3.3. Of this document we can apply to 
our results to obtain the workload of the day. This is an orientation of the 
workload suffered by the air traffic controller and will help us to determinate a 
time zone to deploy the UAV. 
 
Let see the workload produced in the 23/11/2011 the time is contained between 
12:08:00 and 23:59:59 (see figure 37). 
 
 
Figure 37. Workload in Reus 23/11/2011 [38].  
 (Note the resolution is limited in the document.) 
 
Now let see the workload in the date 24/11/2011 between 00:00:00 and 
23:59:59 (see figure 38). 
 
 
Figure 38. Workload in Reus 24/11/2011 [38]. 
 
Finally let’s see the workload in the date 25/11/2011 between 00:00:00 and 
23:59:59. With a diameter of 70000km(see figure 39). 
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Figure 39. Workload in Reus 25/11/2011 [38]. 
 
The airspace in Barcelona it’s similar to Reus (see figure 38 and 40). That 
reason is because the geographical filter in the ISIS only includes those flight 
plans if we have a TMA (inside the geographical zone selected). For that reason 
in we introduce in the filter, the zone of Reus with a diameter less than 
30000km, the result is 0 flight plans. Because the TMA it is not included (in the 
circumference generated). The TMA of Reus and Barcelona it is the same. For 
that reason both results are similar or equal. 
 
 
Figure 40. Workload in Barcelona 24/11/2011 [38]. 
 
But let see what happened if we choose a 30000km of filter diameter for 
Barcelona: 
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Figure 41. Workload in Barcelona 24/11/2011 with 30000km diameter[38]. 
 
Here we can see that the workload obtained in the figure 41 it is equal that in 
the figure 38. Like we have been explained above. 
Let’s compare the workload produced in Madrid in the date 24/11/2011 (see 
figure 42): 
 
 
Figure 42. Workload in Madrid 24/11/2011 [38]. 
 
That’s definitely worse than Barcelona or Reus. The amount of flight and 
manoeuvres it is bigger than the airport of Barcelona. That result is logical 
because the airport of Madrid is bigger than Barcelona. 
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Conclusions 
 
This document is a first approximation to analyse and study the airspace, and 
with this application we can study each zone of the world if we have the data 
from Eurocontrol. It is true that can be improved but for a first approximation we 
can consider how is the airspace along the day and in the different zones like 
Barcelona and Madrid for example. 
The airspace does not have a fixed schedule and change along the time. These 
changes could be different depending on the season. If we are in a summer o 
next to a vacations the air traffic growth but the other days it is less. The hour of 
the day can be another determining factor and the season, it would be very 
different in the summer than in the winter or if we are close or in the middle of 
holydays. 
This project show us the viability of the airspace and his change during the 
days, we do not have a specific schedule for every day. Every Monday will be 
different, but in general we have the same workload. But with this program we 
can study every day that we have data and obtain a metric that can guide us to 
a better understand of the airspace. The objective of this project was obtaining 
a metric to analyse which hour will be better to deploy an UAV and which airway 
will be better. We can analyse the air traffic and the operations that we have in 
each hour of the day. But at this moment we do not have a reliable accuracy to 
determinate which zone will be better to deploy our UAV. The program can be 
improved and we know that we have some bugs. 
But the programme it is a first step to analyse the data that Eurocontrol provide 
us. We can have a first idea that how is our space and the amount of flight that 
we have in each hour. 
This project is necessary to understand the airspace for the next incoming 
years. The airspace will growth with more flight and we will have a different 
configuration. Also we need to improve the air navigation for the UAV. These 
planes are necessary for vigilance, security, study of the earth, navigation etc… 
But for that, we need to improve the knowledge of the airspace and its structure 
for not disturb the living airspace. 
The programme it is developed for the actual configuration. But will work with 
the new improvements that Europe want introduce in the airspace. Because the 
information that we receive it’s the flight plans information and that won’t 
change. 
We can say that this tool could be useful for determinate the airspace workload, 
show us the flight plans and the interactions between flights like the intersection 
of airways. 
Ultimately this work was a first step to create a tool for the analysis of the 
airspace in Europe. At the same time was a first contact with the DDR files from 
Eurocontrol and how Europe organize the data for the flight plans. 
 
 
 
 
 
 
 
 
54                                                                               Evaluation of Airspace Traffic from Eurocontrol's DDR Database                                                                                                                        
 
 
Bibliography 
[1] Civil UAV Capability Assessment-Nasa 
[2]Prospective Unmanned Aerial Vehicle Operations in the future National 
Airspace System-Matthew DeGarmo and Gregory M.Nelson 
[3]Vehículos aéreos no tripulados para uso civil. Tecnología y aplicaciones. 
[4] Eurocontrol web page 
[5] http://www.skybrary.aero/index.php/Single_European_Sky_(SES)_II 
[6] http://ec.europa.eu/transport/modes/air/single_european_sky/ 
[7]Report from the commision to the eruropean parliament and the council on 
the implementation of the single sky legislation time to deliver. 
[8]http://europa.eu/legislation_summaries/transport/air_transport/l24046_en.htm 
[9] Air traffic management- Freeing Europe’s airspace 
[10] Towards a single European Sky- Yael Grushka-Cockayne and Bert De 
Reyck 
[11] http://www.skybrary.aero/index.php/Functional_Airspace_Block_(FAB) 
[12]http://ec.europa.eu/transport/modes/air/single_european_sky/ses_2_en.htm 
[13] SESAR Release-The second SESAR Release explained 
[14] https://www.atmmasterplan.eu/ 
[15]European ATM Master Plan Second Edition 
[16]http://www.sesarju.eu/about/background 
[17]European Route Network Improvement Plan. European Airspace Design 
Methodology 
[18] Unmanned Aerial Vehicles Test Draft, Jun 95 (from: 
http://www.fas.org/irp/doddir/army/fm34-25-2/) 
[19] http://www.skybrary.aero/index.php/Flexible_Use_of_Airspace 
[20] http://www.eurocontrol.int/articles/airspace-management 
[21] http://www.skybrary.aero/index.php/Sectorisation 
[22]http://www.skybrary.aero/index.php/Regulation_551/2004_-
_Organisation_and_Use_of_the_Airspace_in_SES 
[23] http://en.wikipedia.org/wiki/Flight_information_region 
[24]Air Traffic Bulletin Issue 99-3 Summer 1999 
[25] http://www.icarus.upc.edu/ 
[26]DDR reference manual 1.5.8. 
[27]Computational Gemoetry in C (second Edition) by Joseph O’Rourke 
[28] http://kazaev.com/2012/03/08/algorithms-c-point-in-polygon-and-ray-casting/ 
[29]http://stackoverflow.com/questions/563198/how-do-you-detect-where-two-line-
segments-intersect 
[30] Tricks of the Windows Game Programming Gurus by Andre Lamonthe 
[31]http://www.aena.es/csee/Satellite/navegacion-
aerea/en/Page/1047658458012/ 
[32] Stress Management Standards for Workload- paper from The Keil Centre 
[33]Cognitive Complexity in Air Traffic Control: A literature review, Centre of 
Human Performance Research 
[34] http://www.codeproject.com/Articles/168662/Time-Period-Library-for-NET 
[35] The factors affecting air traffic controller workload: a multivariate 
Analysis based upon simulation modelling of controller workload. 
[36] Air traffic complexity indicators & atc sectorsClassification 
[37] http://www.skybrary.aero/index.php/Airway 
Bibliography  55 
                                                                                                                        
 
[38] http://www.icarus.upc.edu/ 
[39]http://www.eurocontrol.int/services/demand-data-repository-ddr 
[40] http://rosettacode.org/wiki/Ray-casting_algorithm 
 
